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INTRODUCTORY REMARKS, 



Some preliminary explanation seems to be required of 
the meaning of certain terms used in the following report. 

In the first place, each island is divided into several Molm 
or Districts, of which there are six in the island of Hawaii, 
and the same number in Oahu. 

The next subdivision of land below the Moku is the Ahu- 
puacty which has been termed the unit of land in the Ha- 
Avaiian system. The Almpuaa is generally a long narrow 
strip, extending from tlio sea to the summit of the moun- 
tain. On the windward side of the islands, each valley 
generally constitutes a distinct Ahiqmaa. 

The Almpuaa again are generally subdivided into llis^ 
each with its own name and carefully defined boundaries. 

The term Kuleana is commonly applied to the small pieces 
of land that Avere awarded in fee simple to the common 
people, who had formerly been mere tenants at will, liable, 
to be dispossessed at any time, 



The term MaheUy wliicli means '^division /^ is often api^lied 
to tlie Great Division of lands, which was made in 1848 
between Kamehameha III. as feudal suzerain and the chiefs, 
his feudatories, Avho gave up part of their lands in order to 
obtain allodial titles to the remainder. 

Although the system of land tenure Avas radically changed 
by the peaceful and beneficent revolution, which took place 
during the reign of Kamehameha III., yet the ancient sub- 
divisions and boundaries of land remain unchanged to the 
present day. 

To ascertain and define the landed property within this 
kingdom, has been the chief object of the Government 
Survey. 

The following rejiort, 'Jiow published for tlie first time, 
explains its objects, mctliods and results. 



Ho^oLVLr, April ], 1874. 

HrS lOx. II. A. WiDKMANX, 

Minister of tlio Interior. 
Hir: 
1 have the lienor to present the following report of the 
progress of the Government Survey to the beginning of this 
month. At your suggestion I will make a brief statement 
of the objects of this Survey, and the advantages to be 
derived from it. 

OBJECTS OF THE SlJltVEY. 

. The principal objects of this survey, as 1 understand them, 
are 1st, to construct a correct general map of this Kingdom. 
All the existing maps of tlie islands are really founded on 
the original charts made by Cook and Vajicouver, and 
abound in gross errors both in regard to the coast lines, and 
the relative positions of the smaller islands, 



Hardly any district maps exist, or any materials out of 
which they could be constructed. A nation that claims to 
be civilized and enlightened,, should not rest contented witli 
this state of things. 

2nd. It is intended to fix permanently and Avith the 
utmost possible accuracy, a great number of points of refer- 
ence, upon which all the local surveys can be based, and by 
which they Avill all be connected together as parts of one 
great whole. 

3rd. To produce a map of each district or Mohu^ which 
will give an exact representation of the contents and boun- 
daries of its principal subdivisions as Ahwpuaa and 7^^'s. 

In a few of the more thickly inhabited districts, such as 
Kona, Oahu, all the lands for which Royal Patents or Land 
Commission AAvards have been issued, should be laid down 
as accurately as possible. 

At the same time, the survey ought to present an exact 
delineation of the shore line, and of the more important 
topographical features of the country, such as hills, gulches, 
craters, rivers, forests, roads, plantations, etc., so as to 
furnish reliable information in regard to the amount of 
woodland, arable land, pasture land and desert, as well as in 
regard to the roads, harbors, etc. 

It is not, however, proposed to make a regular topogra- 
phical survey of the country or to run lines of level, except 
for some special object ; although it is intended to measure 
the heights of all the prominent stations. 

Neither will our means enable us to make a general hydro- 
graphical survey of the depth of water, and the character 
of the bottom of the sea around each island. 

Our survey differs from similar operations in Europe in 
not being a military or a purely scientific and topographical 
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survey, but a survey of the landed 'propcriy of the kingdom. 
It, ho^vever, resembles those surveys and the U. S, Coast 
Survey in being founded on accurate trigonometrical and 
astronomical measurements. 

ADVANTAGES OF THE SURVEY. 



It seems hardly necessary to exi^lain the value of sucli 
surveys and mnps, both to tlae Government and ])cople of 
this country. 

Formerly, if any one wished to obtain reliable infonn- 
ation in regard to a land situated in one of the less knoAvn 
districts, as Kaupo for instance, he was obliged to visit the 
place in 2:)erson at great trouble and expense, and would 
then too often find that the boundaries were indefinite and 
unsettled. 

Now if a map of the district, could be found at tlie Inte- 
rior Office showing the location of the land in which he is 
interested, the adjacent lands, the roads, and the principal 
natural features of the district, such as forests, ravines, 
rivers, etc., it would save all this trouble and expense, and 
would be an important aid in the transaction of any busi- 
ness in real estate. 

The more minute maps of special districts, sucli as AVai- 
kiki, Oahu, would serve as an index, to the records in the 
Interior Ofiice, and would materially assist the officers of 
the Government both in -assessing the value of real estate, 
and in planning roads, aqueducts and other public works. 

Such maps with the accompanying notes of surveys, 
arranged in the office for convenient reference, would greatly 
facilitate all transactions relating to landed property, and 
niight be cited as evidence in courts of justice. 



Again, such a survey is mucli needed in order to ascer- 
tain what Government hinds remain iinsokl. Few if any 
surveys of GoA^ernment lands as such, 'have ever been made 
until recently, and it is impossible except by general sur- 
veys of this kind, to ascertain what portions are left. This, 
is the case even in the immediate vicinity of Honolulu, and 
much more so in the remote districts. 

The lands held by j^i'i'ya^c parties may be divided into two 
classes : firsts those which have been surveyed, and the 
boundaries of which have been settled by Land Commis- 
sion A^vards or by the Boundary Commissioners; and 
secondly, those Avhich have never been surveyed, which latter 
class includes the greater part of the larger lands called 
Almpitads. 

It is Avoll known that there was no uniform system of 
surveying the Kulcanas. The work was done in a hasty and 
fragmentary manner, some of it by incompetent surveyors 
with inferior instruments, and without reference to other 
surveys, and the result has been, and will continue to be, 
much troublesome uncertainty and litigation. It Avas but 
seldom that care Avas taken to mark corners in a permanent 
manner, so that comparatively fcAV undisputed landmarks 
remain at the present day. These facts, together Avith the 
A'cry irregular local variation of ^ the magnetic needle, make 
it very difficult to retrace old surveys in this country. To 
put together these imperfect and conflicting surveys is much 
more difficult than to put together a dissected inap, for the 
pieces do not match, but overlap in one place, and leave 
gaps in another. 

T do not recommend, that tlic Governmeiit should under- 
take the task of rcsurveyiug all tlio KvJemias throughout 
the islands. But, as was stated above, there are some dis- 
tricts, such as Honolulu and Laliaiiia, AA^iere it will be well 



worth Avliilc, both for tlic good of the people, aucl the in- 
fbniiatioii of the Government, to make a thorough examin- 
ation of all the original surveyy. AVlien tliis is done, the 
principal corners should be marked in a permanent manner, 
and the variation of tlie magnetic needle at the time, re- 
corded, in order to prevent trouble in future. 

T3ut a lai'ge part of the land in this kingdom has never 
been surveyed at all. Nearly all the larger divisions of land 
were awarded by name merely, and notwithstanding the 
zeal shown by some of the Boundary Commissioners during 
the past year, many of these lands still remain unsettled, 
even in the vicinity of the capital. 

Some of the lands held by such titles have been sub- 
divided, and have repeatedly changed hands. On account of 
the negligence or ignorance of their owners, some of these 
cases Avill never be cleared up except by a systematic survey 
of the whole district. There are even yet a few lands held 
in accordance witli ancient custoin, Avhicli Avcre overlooked in 
the Mahclc or Division of 1848, the owners of Avliich never 
applied to the Land Commission or to the Minister of the 
Interior for any award. All such cases will be brought to 
light by such a survey as is proposed. 

By the Act of 18G2 for settling Boundaries, all owners of 
lands, Avhose applications liave not been filed Avith the Com- 
missioners of Boundaries, may be compelled by the Min- 
ister of tlie Interior to have tliem settled, and to pay double 
fees. 

Private surveyors will receive valuable assistance from 
the proposed Government Survey in many ways. 

1st. It furnishes accurate data for determining the niag- 
neti(j declination, and the rate of its cliango from year to 
year, and also affords a test of the existence of local attrac- 
tion and a measure of ito amount. 
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2nd. It furnishes bases and azimuths for local surveys 
more accurate than a private surveyor can generally afford 
to make. 

The plan of the Government Survey when carried out 
will cover the country with a network of tria»gles, measured 
with precision, to serve as a skeleton or framework on which 
the local surveys are to be based. The corners of these 
triangles are to be marked in a permanent manner, and will 
serve as points of reference for future surveys. The true 
bearings of these points from each other being recorded, 
will enable any surveyor to find the true bearing of any line 
in the neighborhood, and the local variation of the mag- 
netic needle. The Grovernment district maps will save 
future surveyors the trouble of disentangling many a com- 
plicated knot. 

3d. It will also furnish the correct longitudes and lati- 
tudes of hundreds of points, especially along the coq,st, as 
Avell as their bearing and distance from each other. These 
will always afford a basis upon vhich future surveys in 
detail can be made, whenever called for. 

In short, any information in the Survey Office should be 
accessible under proper regulations to members of the pro- 
fession, and in return copies of all boundary surveys both 
public and private should be deposited there. 

The Government Survey has already given important as- 
sistance to many private surveys on Oahu, East Maui and 
North HaAvaii ; and the completion of our triangulation is 
urgently called for by the surveyors at Av^ork in those 
islands. 

PLAN OF OPERATIONS. 

The first step in such a survey is to make a careful re- 
connoisance for the selection of the most suitable points for 
the primary triangulation and the base lines. The charac- 
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ter of this country is liighly favorable to surveys of this 
kind, abounding as it does, in commanding heights and 
projecting headlands. All of the islands except Kauai and 
Niihau can be connected together by one chain of tri- 
angles. 

As Avill be explained further on, the principal base of the 
Avhole survey was measured across the isthmus of Maui, the 
second on the Waikiki plain, and the third on the Waimea 
plains on HaAvaii, Avith the apparatus of the U. S. Coast 
SurA'-cy. 

Great care has been taken for the security and identifica- 
tion of the stations, but the method of marking them varies 
Avith the nature of the ground. 

The ends of the base lines and other important points are 
marked by short stone columns sunk deep into tlie ground, 
Avith a hole drilled in the top of each, and filled Avith a cop- 
per bolt, on the head of Avhich cross-lines are cut to mark 
the centre. When a signal stands on solid rock, a hole an 
inch or tAVO in diameter is drilled in the rock, and filled 
Avith melted lead or a copper bolt marked Avith cross-lines, 
and then covered Avith a small pyramid of stones. 

AVhen tlie nature of the ground admits of it, underground 
marks are buried from tAVO to four feet beloAv the surface, 
such as a stone jar or glass bottle Avith three others buried 
near the surface, pointing to the loA\^er one. 

Other marks are triangular pits dug north, soutli, east 
and Avest of the centre mark and pointing to it, or an iron 
stake driven doAA^n nearly level Avith the ground, Avith three 
rocks placed six feet north, south and east from it, with ar- 
roAvs cut on them pointing to tlie centre. 

The signals for primary stations generally consist of a 
pole supported by a tripod, i. c. three or four timbers framed 
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together. For the longest lines we need to use '' lielio- 
tropes ^' or reflectors, adjusted and pointed by an assistant. 
The U. S. Coast Survey has given us one as a pattern, from 
AAdiich others can be made at a small expense. 

In conducting the primary triangulation, no pains are 
spared to set the theodolite truly in the centre of each sta- 
tion, and each angle is measured from thirty to sixty times 
or more with the twelve-inch theodolite, on different parts 
of the circle, and at different times of day. 

The true bearings of the principal lines are determined 
by a long series of careful observations on the Pole Star. 
The differences of latitude and longitude can then be calcu- 
lated to hundredths of seconds, taking into account the 
sphej'oidal figure of the earth, as flattene^l at the poles. The 
geodetic latitudes and longitudes of all the stations can then 
be deduced from that of some well ascertained point, such 
as the Transit of Venus observatory in HonoluKi. 

To facilitate this part of the work, a set of tables was cal- 
culated by the superintendent and printed for use in our 
survey, adapted to our latitude, and to feet instead of 
metres. The astronomical expedition to be sent to these 
islands by the British Government to observe the transit of 
Venus tliis year, will probably render us invaluable assist- 
ance by determining the latitude and longitude of the three 
stations which thgy intend to occupy on Kauai, Oahu and 
Hawaii, with a degree of accuracy never before attained in 
these islands. . 

Each triangle of the primary series forms the basis for a 
series of secondary triangles, the sides of which are from 
two to six miles long, and these again are ^broken up into 
still smaller triangles, which form the final or tertiary tri- 
angulation. The corners of these last are often selected 
with reference to the boundaries of the principal lands. 
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Tlie lopograpliical features can then be put in most 
readily by means of the plane table. But all boundaries of 
lands, and all other lines of which the bearings and dis- 
tances are to be recorded, should be surveyed with the tran- 
sit or theodolite, and with reference to the true and not to 
the magnetic meridian. All the record books containing 
the original observations and measurements, and all the 
computations are to be filed and indexed in the office for 
future reference. 

HISTORY OF THE SURVEY IN 1871-2. 

The Legislature of 1870 appropriated $5,000 to procure 
the^ requisite instruments for the Survey, and to make a 
beginning. Accordingly correspondence was opened with 
the Superintende^nt of the V. H. Coast Survey and -other 
scientific gentlemen, and an order for instruments was sent 
to the celebrated firm of Troughton & Sims of London. 

Prof. Peirce, the late Superintendent of the U. S. Coast 
Survey, and Prof. Hilgard, his assistant in charge of the 
office, have taken much interest in the undertaking, and 
have rendered material assistance, both by furnishing valu- 
able information and by the loan of instruments. Among 
these was a complete set of the apparatus used in measur- 
ing subsidiary base lines, which originally cost $500. These 
instruments were shipped from Washington in March, 1871, 
but did not reach us till the middle of the following July 
by way of Sydney and Auckland. In the mean time the 
superintendent of the survey with his assistants made a rc- 
connoisance of West Maui, Kahoolawe, Lanai and Molokai, 
selecting the primary stations and setting up signals. 

A base line was then chosen, 4' 1-7 miles in length, cross- 
ing the isthmus nearly at a right angle, the northern end 
being 7 feet and the southern 164 feet above mean tide. 
After grading and clearing the line, and making a prelimj- 
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iiary measurement with a long wire, the final measurement 
with the bars was commenced August 18th, and finished 
September 8th, The mean temperature of the bars during 
the whole measurement was 94 *^ Fahr. 

The last half mile of the line crossed a '' travelling dune '' 
of sand and a salt marsh, both of which Avere bridged by a 
row of piles, which were aligned with a transit, and driven 
down till their tops w§re in a straight line, in order to form 
a solid support for the bars. The probable error or the 
measurement is believed not to exceed an inch. 

A long series of astronomical observations had next to be 
made, in order to determine the true bearing of the line, 
and the latitude and longitude of its extremities. 

The true bearing of the line was determined by observing 
at one end the angle between the Pole Star and a lantern 
set on the other end, 4 miles distant, and noting the exact 
time by a chronometer. The difference of longitude be- 
tween these stations and Honolulu was ascertained by com- 
paring the local time with that of chronometers carried sev- 
eral times back and forth between Honolulu and Kahului. 

The next series of operations was the measurement of all 
the angles of the" principal triangles. Of the laborious and 
delicate nature of this work, no one can form an adequate 
idea who has not tried to measure angles to a second ; and 
it was greatly hindered by stormy weather. 

The instruments ordered from Troughton & Simms did 
not arrive till November, 1871, a year after they had been 
ordered, but proved to be first class in every respect. The 
large transit theodolite, Avhich cost $600, is an admirable 
instrument, with a horizontal twelve-inch circle reading to 
one second by two micrometer microscopes, and a vertical 
circle reading to 5 seconds of arc by -two verniers. It is 
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completely fitted up for night observatioias with lamps, re- 
flectors; etc. A duplicate of it has since been made. for the 
United States Government. The telescope has generally 
been used Avith a magnifying power of 3G, and is remark- 
ably clear. A bare signal pole has often been distinguished 
with it at a distance of over twenty miles. A pair of excel- 
lent mountain barometers were received at the same time 
from Troughton & Simms, and the elevation of a great 
many points has been determined by means of them. 

In December, 1871, a station was occupied for a week on 
the summit of ITaleakala, the elevation of which was deter- 
mined both by triangulation and by the barometers to be 
10,030 feet. Tlie first five primary triangles were carefully 
tested in Various Avays, and the jDrobable errors of the 
angles average much less than a second. 

In February, 1872, the work. of triangulation was sus- 
pended for the time, and a special survey commenced of the 
district including Makawao, Hamakuapoko and Haliimaile. 
Every house, road, stone wall, gulch, etc., was carefully 
located by actual survey, all the Koyal Patents and other 
land titles examined and located on tlie ground, and tlio 
more important corners marked in a permanent manner. 

Two maps, onea'Trogress sketch/^ of Maui and tlie neigh- 
boring islands, and the other a large map of the MakaAvao 
district on a scale of 1,000 feet to the inch, were laid before 
the Legislature of 1872, to give the members a clearer idea 
of the objects and character of the Survey. 

HISTORY OF THE SURVEY DURINGf 1872-4. 

. The Legislature of 1872 having decided to continue the 
survey, the second base line was selected on the AVaikiki 
plain along the continuation of King street, being 9,760 
feet in length. The line, was cleared and staked out Avith 
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aligning staves, and a proliminary measurement made with 
a wire 40 metres in length, which differed from the final 
measurement only 4 4-9 inches. The final measurement 
with the base apparatus was commenced June 8th, and com- 
pleted June 28th, including the re-measurement of about 
half the line as a test. The difference between the tw^o 
measurements Avas 3-10 of an inch. The mean temperature 
of the bars during the Avhole measurement was 93 ^ Fahr. 

The next step was to measure sets of angles at the two ex- 
tremities of the base, and at Puu Ohia (Tantalus) and Ka- 
imuki (Telegraph Hill). Observations were then made at 
Telegraph Hill to determine the true azimuth or bearing of 
the triangle sides. Twelve sets of angles of twelve each 
Avere measured on three different' nights between tlie Pole 
Sta.r and a small lantern at the west base, 3.5 miles distant, 
and the exact time of each observation was noted by a 
chronometer. 

We next proceeded to measure a set of angles with the 
large theodolite on the highest point of Leahi (Diamond 
Head). 

The instruments were carried up the precipice on the 
inner ^'makai'^ side of the crater in the following manner; 

An iron stake was driven into the" rock at the top of the 
precipice, to which a pulley was attached with 40 fathoms 
of whale line. Two men then drew up the instrument 
boxes, one at a time", while two others climbed up with the 
boxes, and kept them from touching the rocks anywhere 
during the ascent. According to our usual plan, four posts 
had been let deep into the ground on the summit, at equal 
distances from the centre mark of the station, and their 
tops sawed- off on a level. ' The feet of the observing table 
Avore then firmly screwed to the tops of the posts, so that 
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the theodolite when placed in its sockets was nearly as solid 
as a rock. These particulars are given to give an idea of 
some of the difficulties that have to be overcome in carrying 
on such a survey. 

Sets of angles were afterwards measured at Koko Head, 
at Makapuu Point, and on Mokapu Crater, east of Kaneohc 
Bay. 

These operations Avere liindercd by cloudy and rainy 
weather, and much difficulty was experienced in transport- 
ing the instruments, etc., to and from the above named, 
stations. 

* The large theodolite had a narrow escape in an unsuc- 
cessful attempt to land in the little harbor of Hanauma 
near Koko Head. 

At length, the Oahu triailgulation having been completed 
from the station near the Salt Lake at Moanalua around 
the south end of Oahu to Mokapu and Heeia in Koolau, the 
surveying party left for Waimea, Hawaii, in November, to 
lay the foundation for the survey of that island 

After a thorough examination of the region, the third 
base line was located in the eastern part of the j^lain, being 
13,403 feet in length, and at an average elevation of 2817 
feet above the sea. After the usual preliminary Avork, the 
final measurement was begun on Dec. 19th, 1872. The 
mean temperature of the bars during the measurement was 
87 ^ Fahr. A series of stations was then selected and sig- 
nals set up over them, including one on the summit of 
Hualalai, and another on the summit of Mauna Kea erected 
Dec. 24th. The triangulation was carried to Puako and 
Kawaihae on the shore and to Puu Loa in Koliala. 

The summit of Mauna Kea was* found to be 13,805 feet 
above the sea, and the height of Hualalai, measured for the 
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first timo, proved to bo 8275 feet. A line of levels was run 
from the sea at Kawaihac to the base line at Waimea as a 
check on the trigonometrical measurements^ with which it 
agreed very closely. The Waimea Court House was found 
to be 2670 feet above mean tide. The approximate latitude 
was found by 21 observations on tJie sun and stars. 

The preliminary Hawaii triangulation was finished Feb. 
lOthj and the party returned to Honolulu on the 21st. The 
Base apparatus was returned to the U. S. Coast Survey by 
the next steamer. 

About the beginning of March 1873, the surveying party 
received orders to survey the Ewa Lagoon and the adjoin- 
ing land, a task Avliich we endeavored to execute in a man- 
ner that w^ould reflect credit on the Government. 

The triangulation was carried from Puowaina (Punch- 
bowl Hill) and Salt Lake station to Puuloa entrance, and 
about 30 secondary stations around the lagoon were located 
by triangulation and permanently marked. The map of 
the region drawn by Mr, C. J. Lyons sufficiently spectks for 
itself. 

This survey has proved to be of great service by furnish- 
ing an accurate basis for the surveys of Honouliuli, Pou- 
hala, Halawa, Aiea, Kalauao and AVaimalu which have 
since been made for private pai'ties. 

As it was evident that the appropriation would prove 
insufficient, the surveying party was disbanded, and the 
primary triangulation discontinued for the present, 

Messrs. Btoavu and Lidgate have since been surveying in 
HaAvaii, and Mr. Lyons in Oahu, all however, workiiig on a 
uniform plan, and employing the same methods as the Gov- 

oramont Survey. • 
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In accordance with my instructions, I then commenced 
a thorough examination of the records witl] reference to 
Government lands, making an index of all the Government 
land sales on Oahu, classified by locality, and surveying the 
Government lands in Kewalo and Pawaa, south of Honolulu. 
A list was also made of all the Ahicpuaas and His in the dis- 
tricts of Ewci and Kona, witli an account of their original 
titles, preparatory to the district maps. All the surveys of 
lands in Honolulu made for the Land Commission have also 
been copied into a separate book. A map Avas also com- 
menced of the section of Kona lying south of Alapai Street, 
showing all the Royal Patents and other subdivisions. 

In the latter part of August I began the survey of Hono- 
uliuli and the Crovva land of Pouhala and finished the field 
work Oct. 20th. I afterwards drew a map embracing a sec- 
tion of country about eleven miles square, and including 
most of the Waianae range of mountains. This survey 
was a continuation of the Ewa lagoon survey, and forms 
another step towards the map of the whole is. and. 

During the first three months of 1874, I have been 
chiefly engaged in surveying the Government and priv.ilo 
lands in Makiki and Waikiki ; among which were many 
lands the boundaries of which had never been settled. 

SCIENTIFIC MATTERS. 

While scientific objects liave not been allowed to inter- 
fere with the progress of the survey, we have not wholly 
neglected our opportunities in this line. 

During the latter part of 1872 a self-registering tide 
gauge, constructed by Mr. F. L. Clarke, was in operation at 
the Honolulu Light-house for several months. It finally 
broke down, owing to a failure of the clock work, but its 
records are suflicioiit t-o indicate the general laws of the 



tides at this place. A second tide gauge at ITilo was swept 
away by an extraordinary rise of the sea, but has been 
replaced, and is again in operation. A new tide gauge of 
the most improved pattern^ has been promised us by the 
U. S. Coast Survey. 

The variation of the magnetic needle has been recorded 
at almost every station occupied during the survey. The 
mean declination of the magnetic needle for this island 
appears to be about 9 ^ 20' East at this time, but the local 
variations are very great, esiDCcially on the ridges and in 
the deep valleys in the interior of the island. It may be 
added that during the survey collections have been made 
and facts observed, which it is believed, will add to our 
knowledge of the geology and botany of these islands. 

PROPOSED PLAN OF OPERATIONS. 

For the next biennial period I would respectfully recom- 
mend, 1st. That the primary trianguhition be carried on 
as rapidly as possible, first around the northern end of 
Oahu, so as to complete the coast line, and to connect to- 
gether the principal surveys on this island, and then around 
West Maui and the adjoining islands. 

2d, That a thorough survey in detail of the district of 
Kona, Oahu, which has been commenced, and for which 
considerable material has been collected, be carried on to 
completion. 

3d, That the examination of all the records relating to 
Government lands be continued, and that the boundaries of 
these lands be examined, and determined by the Boundary 
Commissioners wheraver they are still unsettled. 
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The amount approi^riutod by the last Legislature will all 
be needed if the Avrork is to be prosecuted with vigor. '^' •' 
<: ^'c Y; vc rpj^^ preliminary work, the most expensive and 
tedious part of the work, has been done, and it is believed 
that its accuraey can be relied on. It will bear comparison 
with similar surveys made in other countries. 

The remaining work can be carried on at less expense 
and with more apparent results. 

I have the honoi* to remain, 

Your ol)edient servant, 

W. D. ALEXANDER, 

Surveyor-General, 
PROGRESS OF THE SURVEY SINCE 1874. 

The foregoing Report explains the objects and jnethods 
of the Survey, and relates the history of its commence- 
raent. 

The corps of surveyors lias always been very small, and 
has been obliged to perform an immense amount of work iu 
examining and locating land titles, and in preparing maps, 
etc., besides the general survey of the country. The survey 
of Government lands, and the settlement of boundaries 
have been the chief objects aimed at rother than geodetic 
or topographical work. 

TRIANGULATION. 

OAHU. 

On Oahu the triangulation was carried in 1875 and 1876 
from West Base around by the South Point and Mokapu on 
tho west, and again by way of Ewa and AVaialua around the 
north end of tho island, closing at Lain on tho north-west, 
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within 12 feet in a circuit of over 100 miles through thirty 
triangles. Two stations on the lofty peaks of Koiiahuanui 
and Puu Ohulehule were never occupied with instruments. 
The azimuths coincided within 0''.5. 

Another series of triangles was carried through the diffi- 
cult district of Waianae on the west side of the island. On 
this network of triangles have been based numerous 
surveys and maps of districts and of lands as well as charts 
of harbors. 

The triangulation of Oahu was connected with that io 
the windward islands by occupying the three stations, Mo- 
kapu, Diamond Head or Leahi, and Mauna Loa, Molokai, 
successively with the 12-inch theodolite and with helio- 
tropes. 

MAUI. 

On Maui the triangulation was resumed in 1876, and car- 
ried first around Eait Maui and across the crater of Hale- 
akala ; and then over the adjoining islands, Kahoolawe, 
Lanai and Molokai and around West Maui to the North 
Base. This last circuit closed within eight feet. The 
triangles connecting the islands of Molokai, Lanai and West 
Maui were measured with the aid of heliotropes. Messages 
were exchanged across the Pailolo channel, the Morse alpha- 
bet being used. 

In order to connect this system of triangles w4th that of 
Hawaii, a station was occupied on the summit of Haleakala, 
at an elevation of 10,000 feet, while an assistant was 
stationed at Puu Loa, Koliala, both observeri signalling to 
each other with heliotropes, and observing on the Kahoo- 
lawe station. 
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A base of verification was measured on Molokai in 1885. 
The result was that its measured length difiered from that 
deduced by computation from the Maui base by 0.10 of a 
foot in 6719 feet. 

Since then complete surveys have feeen made of the 
islands of Maui and Lanai, while that of Molokai is ap- 
proaching completion. 

I-IAAVAII. 

The survey of Hawaii was resumed in 1876 by Mr. 
Lyons. From the original quadrilateral measured at Wai- 
mea in 1872, he continued the series of triangles across the 
country to the south-east as far as Hilo. In order to do 
this, it was found necessary to occupy several stations on 
Mauna Kea at such an elevation as to overlook the wide belt 
of forest intervening between the interior of the island and 
the strip of open country, which borders the eastern coast. 
The whole series from Waimea to Hilo contained 67 trian- 
gles. This work was tested in 1881 by the measurement of 
a base of verification at Hilo, and by a long series of observ- 
ations on the Pole star for azimuth, the result of which was 
highly satisfactory. The measured length of the line 
differed from that deduced by calculation from the Waimea 
base, 0.2 of a foot in about two miles. The azimuth obtained 
by the observations difi^ered 1'' from that brought from Maui. 

In 1881 Mr. Lydgate continued the triangulation through 
Kohala to the north point of the island. 

Since then Mr. Emerson has extended the net-wcrk of 
triangles down the west coast through the Kona districts to 
the summit of Mauna Loa and nearly to the south point or 
*' Ka Lat..'' 

The station on the summit of Mauna Hualalai, which 
commands an extensive view of the coast, served as a pivot 



or radiating point for the triangulatiou of the district. The 
districts of Puna and Kau on the S. E. side of Hawaii are 
only partially surveyed as yet. 

KAUAI. 

A reconnoisance and preliminary triangulation of Kauai 
was executed in 1877 and 1878, which served as the frame- 
work for a map of that island, whicli was chiefly compiled 
from previous surveys. 

SURVEYS IN DETAIL. 

The frame-work thus laid down has been filled out in 
accordance with the plans proposed in the outset. The prin- 
cipal topographical features of the country have been indi- 
cated, especially where public improvements, such as roads, 
Avater-works, irrigation projects, etc., are concerned. The 
Geology of the islands, has not been neglected, and in par- 
ticular, changes in the volcano of Kilauea have been cara- 
fully noted. 

The first attention, however, has been paid to the survey 
of Government lands, within which all the kaleanas or 
homesteads and Government land sales are accurately located 
as the survey proceeds. 

In the more thickly settled districts and in towns every 
land title has been carefully investigated and mapped. On 
account of the minute subdivision of tha Ian J, and the 
gross inaccuracy of the old surveys, this work requires no 
little research and the most scrupulous accuracy. 

At present the time of the surveying corps is largely 
taken up with the work of selecting, surveying and divid- 
ing suitable Government lands into allotments for. settlers 
according to the provisions of the *' Homestead Act." 
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MAPS, ETC. 

The maps of separate islands have generally been drawn 
on a scale of 1:60 000, (2) those of districts on a scale of 1: 
12000, or 1: 6000, (3) those of toivns on a scale of 1: 2400 or 
1:1200, while (4) plans of city squares or blocks are di'awn 
on a scale of 1: 240, representing not only the buildings, 
etc., but also the titles by which the land is lield. 

Our published maps have been photolithographed in the 
United States, chiefly by J. Bien & Co. of New York. 

Wc have published a map of the whole group made in 1876 
on a scale of 1: 480 000, maps of Oahu and Maui on a 
scale of J : 60 000, one of Hawaii on a scale of 1: 240 000, 
and one of Honolulu and its environs on a scale of 1: 12000, 
besides a chart of Hilo Bay. 

Relief maps have also been constructed of Oahu and 
Maui by Prof. C. H. Hitchcock from data furnished by the 
survey. 

The task of compiling, arranging and indexing a vast 
mass of information relating to real estate titles has devolved 
upon this Bureau. A history of Hawaiian land titles and a 
classified index of Government land sales have been prepared 
and published by this Bureau. 

The Legislature of 1888 has also imposed upon our 
staff the duty of supplying all the Tax Assessors with 
'* maps in detail, of taxation divisions, showing all original 
titles and areas, and as far as possible, all present titles. '* 

HYDKOGKAPHY. 

During the years 1882-1886, nearly all the harbors and 
roadsteads in the group were surveyed for the Government by 
Capt. 0-. Jackson, a retired navigating lieutenant of the 
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British Navy. Several of these surveys have been pub- 
lished by the British Admiralty. In 1883 he executed 
a series of deep sea soundings between the principal 
islands, to prepare the way for the laying of a pro- 
jected inter-island' telegraphic cable. 

A self-recording tide gauge, loaned by the U. S. Coast and 
Geodetic Survey, has been kept in operation in Honolulu 
harbor since 1880. The observations are reduced and 
analyzed by the staff of that survey in Washington, U. S. 

ASTRONOMICAL WORK. 

As before stated, the latitudes and longitudes adopted for 
Oahu were based upon the position of the Transit of Venus 
observatory at Honolulu as determined by Col. Tupman in 
1874. 

As the survey of the windward islands was not connected 
with that of Oahu for several years, an independent deter- 
mination had to be made of the position of the North Base 
on Maui, the correctness of which has been fi^Uy confirmed 
by Mr. Preston's recent observations. 

After the intervening triax:igulation had been completed, 
there appeared a large discrepancy, which could only be 
explained by extraordinary deflections of gravity. 

In order to thoroughly test this matter, a series of latitude 
observations of precision were made in 1887, at fourteen 
stations on the principal islands, which were in general 
north and south of the highest mountains. This work was 
executed by Mr. E. D. Preston of the U. S. Coast and Geo- 
detic Survey, who had received leave of absence from his 
government, which also loaned the necessary instruments. 
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The average probable error of the final results was only 
O'MO. These results indicate an extraordinary deviation of 
the plumb-line on every island, amounting to 29" on East 
Maui and 25'* on Oahu and Kauai. 

An extensive series of Pendulum observations was also 
conducted by Mr. Preston at Honolulu, and in East Maui 
at Haiku on the northern coast and on the summit of Hale- 
akala. 

Their object was to ascertain the relative forces of gravity 
at the sea level and at high altitudes, as well as the com- 
parative density of the mountain. 

A small observatory was built about the same time near 
the Government offices in Honolulu, and a transit mounted, 
which is used in regulating the local time. 

W. D. ALEXANDER, 

Survey-General. 

Honolulu, March 1, 1889. 
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